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MAGNETIC DSC AND METHOD OF 
MANUFACTURING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based on Japanese Patent Applications 
serial No. 1997-220,768, No. 1997-220,769, No. 1997-220, 
770, No. 1997-220,771, all of these filed in Japan on Aug. 
1, 1997, and is related to U.S. Pat. No. 5,640,009, and 
Japanese Laid-open Patent Publication No. 1993-182,787, 
each of which is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to magnetic disks used in 
hard disk drives, for example, and relates in particular to a 
method of manufacturing magnetic disks having micro 
wavineSS on their Surface or a method for fabricating Sub 
Strates used for Such a magnetic disk manufacturing method. 
Hereinafter, “substrate” refers not only to a base plate itself 
made of aluminum and glass, but also to Such a Substrate 
including any magnetic, carbon, lubricating or Ni-Player 
formed on the base plate. 

2. Description of the Related Art 
With reference to a conventional layered structure of a 

magnetic disk shown in FIG. 24A, an aluminum Substrate 
material 350 is coated with successive Ni-Player 352, 
magnetic layer 354 and carbon layer 356. In response to 
demands for hardneSS and precision flatness of the Substrate 
in recent years, a glass Substrate has become commercial to 
replace the Al Substrate material, and as shown in FIG. 24B, 
Such a disk is comprised of Successive magnetic layer 354 
and carbon layer 356 coated on a Surface of a glass Substrate 
material 360. 

In order to obtain a high data density, hard disk drives are 
used by floating a magnetic head on the disk Surface at a 
So-called "semi-contact State with minimum possible Sepa 
ration distance therefrom, So that a high precision in Surface 
flatneSS is required on the disk. On the other hand, an 
excessively flat Surface may cause head Sticking, and is not 
desirable. For this reason, it is preferable for the disk surface 
to have a certain degree of fine roughness, or micro 
waviness. 

In conventional techniques for aluminum Substrates, 
micro-textured structures are fabricated on a Ni-Player 
formed on the Substrate Surface by using Such mechanical 
methods as abrading with an abrasive tape or abrasive cloth 
as well as physical treatment Such as laser irradiation and 
bombardment with high energy ions. For glass Substrates, 
texture fabrication techniques include Sputtering with 
hydrofluoric acid vapor or Surface crystallization, in addition 
to laser or high energy ion irradiation. 

SUMMARY OF THE INVENTION 

However, mechanical abrading methods using abrasive 
tapes and cloths are not Suitable for making Such high 
precision micro-wavineSS of less than 10 nm height with a 
variance of less than +5%, because of limitations due to 
deviation of abrasive grain size or contact pressure. On the 
other hand, laser abrasion technique Suffers from variations 
in micro-texture heights, caused by non-uniformity in laser 
Spot size and intensity as well as temporal variations in laser 
intensity inherent in laser generators. Also, due to its pit 
by-pit process, high density texturing (e.g., pit density over 
1,000,000 per cm) by laser beam irradiation requires an 
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2 
excessively long exposure time, and the production Suffers 
from high cost and low efficiency due to SlowneSS of the 
proceSS. 

Furthermore, when metals are exposed to an air 
atmosphere, a natural oxide film layer is formed on the 
outermost Surface. Although the nature of the oxide layer 
formed varies depending on the material, for Ni-Player, an 
oxide layer of about 3-5 nm thickness is formed, causing 
differences in laser absorption/reflection characteristics for 
oxidized and non-oxidized Surfaces. Laser abrasion textur 
ing is based on a phenomenon of local micro-melting, and 
because of the differences in melting behavior of the oxi 
dized surface layer and non-oxidized underlayer of Ni-P, 
Such variations are reflected Sensitively on the variations in 
the Structure height of micro-wavineSS produced, and it is 
Virtually impossible to obtain a micro-waviness of an even 
height. Furthermore, with the laser-texturing process it is 
difficult to incorporate precision cleaning in the final pro 
duction Step, So that the yield tends to be low. 

Regarding the texture fabrication techniques for glass 
Substrate, Such as Sputtering with hydrofluoric acid vapor, 
the proceSS is based on local deviation in vapor adsorption 
ability of the substrate, therefore etched depths can vary 
widely because of non-uniformity in concentration and 
deviations of duration due to difficulty in controlling the 
fabrication time. Therefore, non-uniformity increase in Sur 
face dissolution depth Virtually makes it impossible to 
produce micro-waviness of a uniform density of less than 10 
nm depth over the entire glass Substrate. 

Regarding the crystallization method for the glass 
Substrate, non-uniformity in heat treatment, crystal Size and 
degree of precipitation are difficult to control and lead to 
non-uniformity of Surface density and depth of micro 
waviness. Therefore, it is difficult to control the depth and 
density variations to less than 5% over the entire surface of 
the glass Substrate. 

Regarding the micro-texturing techniques using high 
energy ions or plasma particles, fabrication is performed by 
accelerating the ionic particles in an electrical field and 
bombarding the Substrate Surface through a masking pattern 
for texturing. Such masking patterns should be produced by 
photolithographic techniques, however, it is difficult to pro 
duce ultra-fine line or cavity patterns of less than 1 mm size 
by using conventional photolithographic techniques. 
Furthermore, the mask making process Suffers from many 
inherent problems, Such as the complex nature of the Steps, 
wet cleaning using alcohol and water, and the necessity for 
Subsequent drying and a need for precision drip-Sputtering 
equipment, all of which represent Significant barriers to 
lowering the production cost and improving the productiv 
ity. 

Techniques Such as dissolving particles in alcohol, Stirring 
and dripping onto the Substrate to disperse the particles 
Suffer from the problems of aggregation of particles caused 
by Surface tension effects upon Solvent evaporation and the 
resulting variations in local distribution density of particles. 
In Some extreme cases, particles may even contact each 
other and cause Severe local disturbances in particle distri 
bution density. 

It is an object of the present invention to provide a method 
of making a magnetic disk having a uniform textured 
structure with micro-waviness of fabrication depth of less 
than 20 nm, preferably less than 10 nm, and a local depth 
deviation of less than 5%, in which texture patterns are 
characterized by the fact that lateral Surfaces of the Structure 
are sloped or curved. 
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The object has been achieved in a method for making a 
magnetic disk, having micro-wavineSS on a fabrication Sur 
face of a Substrate for reducing dynamic friction and con 
trolling head float, by rotating and irradiating the fabrication 
Surface with a high energy beam from a beam Source at an 
inclined angle to the Substrate Surface, through a shielding 
mask having a specific pattern, So as to process a transcrip 
tion pattern on the Substrate Surface to produce a textured 
Structure with micro-wavineSS having sloped or curved side 
Surfaces. 

The rate of material removal in a shielded region is slower 
than that in a region under constant exposure to the beam So 
that irregularities with sloped or curved Side Surfaces can be 
produced by contour transferring, produced by irradiating at 
an inclined angle or rotating the Substrate. Irradiation angle 
is not particularly limited and can be chosen according to the 
type of profile desired. To effect uniform material removal 
over all of the fabrication Surface, the beam Source should be 
of a type to radiate an equal amount of energy over the entire 
fabrication surface. To obtain a uniform profile of the sloped 
or curved Side Surfaces, the beam Source should produce a 
beam of high and uniform directionality. 

Energy beams may include an electron beam, ion beam, 
laser beam, X-ray beam, fast atomic beam, atomic beam and 
molecular beam. For example, when a fast atomic beam is 
applied, material Suitability and fabrication parameters vary 
depending on whether the fabrication Surface is a Substrate 
or a coating layer applied on a Substrate. Base plates may be 
divided broadly into two groups: metals and insulators. In 
the case of metals, disks typically comprise an aluminum 
base with a Ni-P coating, and in the case of insulators, 
disks typically include a glass base with a carbon coating. 
Thickness of layers ranges 10-20 mm for a Ni-P coating 
and 10-25 nm for a carbon coating. 

Considering a case of a textured Structure of less than 20 
nm height or preferably less than 10 nm, it can be seen that 
a Surface oxidation layer plays a Significant role on fabri 
cation characteristics. The thickness of a natural oxide layer 
is 10-20 nm for an aluminum Substrate and 3-5 mm for a 
Ni-Player. Therefore, in the present invention, a fast 
atomic beam is recommended for precision fabrication of 
non-conductive base, non-conductive coating or metallic 
base including non-conductive oxidized Surface layer. 

Fast atomic beam (FAB) has an energy of more than 
Several tens of eV and is comprised by electrically neutral 
atomic and molecular species. Normally, they are used in a 
range of energies of several hundreds eV to about 10 keV. 
Using Such a FAB, charge accumulation on electrically 
non-conductive Substrates can be kept to a minimum level, 
because of the neutral nature of the beam, thereby permitting 
uniform radiation to be applied even on non-conductive 
substrates. It follows, therefore, that not only a highly 
non-conductive Surface Such as a carbon layer or glass base, 
but an aluminum Surface including an oxidized layer or 
Ni-Player, can be fabricated to produce a textured struc 
ture of uniform height over the entire surface of the Sub 
Strate. 

Fabrication precision and film layer quality are highly 
Sensitive to the extent of fabrication carried out. AS 
described earlier, the carbon layer used in these cases is 
15-20 nm thick, and the oxidized layer is 3-5 nm thick on 
the Ni-Player, and 10-20 nm thick on the aluminum base 
plate. Therefore, resulting properties Such as quality of the 
layer or roughness of the processed Surface are significantly 
different between cases where the removal thickness is 
10-20 nm and less than 10 nm even when fabricating the 
substrate using FAB. 
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4 
Also, the carbon coating used in these cases is a diamond 

like carbon coating of 15-20 nm thickness, and is hard and 
electrically non-conductive. Therefore, Such non-conductive 
property has great affect when removing 10-20 nm of the 
Substrate or less than 10 nm. Because the non-conductive 
layer thickness remaining when processing 10-20 nm thick 
neSS is very thin, even with the use of a fast atomic beam, 
it is necessary to control charge buildup on the non 
conductive layer by appropriate control of the power of the 
radiation and neutralization factor So as to prevent dielectric 
breakdown and accompanying deterioration in the layer 
property. On the other hand, for performing fabrication of 
less than 10 nm, fabrication is greatly affected by non 
uniformity in beam power, and it is usually very difficult to 
fabricate a structure without degrading the Surface rough 
ness. Therefore, when fabrication depth is less than 10 nm, 
it is important to Strictly control the neutralization factor and 
beam power even with FAB. 

Regarding the technique of fabricating a carbon Substrate, 
if a reactive gas of low reactivity is used, film quality may 
change or be degraded because the layer is thin and inter 
layer mixing and infiltration of elements may occur. To 
perform precise and efficient fabrication of carbon layer of 
10-20 nm thickness or less than 10 nm while avoiding such 
undesirable effects, it is preferable to use process the layer 
by applying physical Sputtering with the FAB based on an 
inert gas Such as argon. 
When aluminum is fabricated in the range of 10-20 nm, 

fabrication will be carried out in the oxidized layer and its 
boundary to the unoxidized bulk material. If the boundary is 
present or the boundary area is not of a uniform thickness, 
non-conductive property and fabricability will vary during 
the fabrication process. Therefore, efforts must be made to 
minimize Such boundary effects by using physical Sputtering 
techniques using inert gas to avoid local variation effects in 
the boundary area even when using FAB. If the fabrication 
depth is less than 10 nm, processing will take place within 
the non-conductive layer, and the danger of charge accumu 
lation becomes even greater. Also, because So little material 
is removed, the fabrication of the layer is very sensitive to 
non-uniformity in beam power, and because the initial 
Surface quality is not to be degraded, uniformity in beam 
power and neutralization factor must be strictly controlled, 
even for FAB. 

For a Ni-Player, the oxide layer thickness is 3-5 nm, 
and Ni itself has a low reactivity; physical Sputtering playS 
a primary roll in the fabrication So as to avoid charge 
accumulation effects. Compared with the fabrication of 
10-20 nm, the oxide layer greatly affects the results with a 
fabrication of less than 10 nm, because the fabrication 
Straddles a non-conductive oxide layer and a conductive 
bulk layer. Therefore, even with FAB, it is necessary to 
control the adverse effects of the boundary region. For 
example, a physical method Such as Sputtering with argon 
based FAB is preferred. 

For fabricating a glass Substrate, material is always 
removed from an non-conductive Substrate, and FAB is 
more advantageous for avoiding adverse effects of charge 
accumulation. Processing of glass Substrates can be per 
formed using fluorine gas or fluorine compound gases Such 
as SF and CHF, which are reactive to glasses. Because of 
their high reactivity with glasses, chemical Sputtering is 
more efficient compared with other reactive type gasses. 
Compared with rare gases Such as Ar, the material removal 
rate is much faster. In addition to fluorine and fluorine 
compound gases, a mixture of rare gas and reactive gas can 
be used to provide both physical and chemical Sputtering 
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effects, which is useful when chemical Sputtering alone is 
not adequate. It is obvious that gasses other than fluorine can 
be used So long as it is reactive with glass material. If the 
processing depth is less than 10 nm, it is necessary to 
provide a strict control over the neutralization factor and 
beam distribution uniformity. 

Regarding the Source for fast atomic beam (FAB), those 
disclosed in U.S. Pat. No. 5,640,009, and Japanese Laid 
open Patent Publication, 1993-182787, for example, can be 
used. The features of the FAB disclosed are that control over 
the linearity and neutralization factor is simple, and the 
energy density is highly uniform acroSS the beam. Neutral 
ization factor, linearity and distribution of beam energy are 
highly dependent on the type of FAB Source, and it is not 
possible to produce a textured Structure with micro-wavineSS 
of uniform quality using a FAB Source of poor quality. 

Fabricability is different for different combinations of 
substrate material and the type of FAB used. Therefore, the 
type of gas to be used in the FAB source must be chosen with 
care. Types of gas useable for FAB can be divided into two 
broad categories: (1) inert gases Such as argon, and (2) gases 
which are reactive to the Substrate material. 

Inert gases are effective for precision fabrication of leSS 
than 10 nm depth using only a physical method Such as 
Sputtering. Because reactive gases are not used, the appara 
tuS can be economized, and low cost production is possible, 
particularly for non-reactive materials. 
When FAB is used with reactive gases, selection can be 

made as follows. For carbon, Suitable gases are chlorine gas, 
chloride compound gases, fluorine gas, fluorine compound 
gases, and oxygen. Vapor preSSures of reaction products 
between carbon and chlorine, fluorine and oxygen are rela 
tively higher compared with other gases, So that chemical 
Sputtering can be used to remove a carbon layer. 

Also, Such gases may be used in combination with other 
gases So that a mixture of argon/chlorine or chlorine com 
pound gas, argon/fluorine or fluorine compound gas, or 
argon/oxygen can be used to perform physical as well as 
chemical Sputtering. This approach is useful when chemical 
Sputtering alone is not effective. 

Glasses are reactive with fluorine and fluorine compound 
gases. Vapor pressures of products of Such reactions are 
relatively higher than other gases, and effective fabrication 
can be performed by chemical Sputtering. Combination of 
physical and chemical Sputtering uses a mixture of argon and 
chemically reactive gases, and Such an approach is useful 
when chemical Sputtering alone is not effective. 

For fabrication of the aluminum Substrate, the Sublimation 
characteristics of reaction products become important, and 
in this respect, efficient fabrication can be effected using 
chlorine-based compounds of aluminum which have rela 
tively higher vapor preSSures. Reaction products between 
aluminum and chlorine are Sometimes difficult to Sublime, 
depending on the fabrication conditions. In Such cases, the 
aluminum Surface can be heated using a lamp, for example, 
to raise the temperature of the Substrate Surface including 
reaction products thereon to increase its reactivity, So as to 
permit the use of chemical Sputtering. A mixture of argon 
and chlorine and chlorine compound gases can be used to 
provide physical as well as chemical Sputtering effects. This 
approach is useful when chemical Sputtering alone is not 
effective. 

Nigenerally shows low reactivity with gases, but chlo 
rides of Ni have relatively higher vapor pressures, and are 
applicable in chemical sputtering of Ni-Player. Vapor 
preSSures of reaction products between P and chlorine are 
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6 
high and efficient sputtering can be effected. Ni-P reaction 
products are Sometimes difficult to Sublime, depending on 
fabrication conditions, and in Such a case, the Ni-P Surface 
can be heated with a lamp for example to raise the tempera 
ture of the Substrate Surface including reaction products 
thereon, to increase its reactivity. Such mixed use of physical 
Sputtering and chemical Sputtering using chlorine and chlo 
rine compound gases is effective when chemical Sputtering 
alone is not adequate. 

Magnetic disks made by such carefully controlled fabri 
cation processes are high density data Storage devices hav 
ing a micro-textured Structure on their Surface. The sloped or 
curved shape of the textured Structure reduces the contacting 
Surface area to provide an efficient repair of damage of the 
Surface as well as reduces dynamic friction between the head 
and the Substrate Surface to provide good lubrication. On the 
outermost Surface of the disk is applied a Several nanometer 
thick lubrication layer, and Such a lubrication layer com 
prises a liquid film covering the micro-sized textured Struc 
ture. When the magnetic head touches the disk Surface, the 
lubrication layer can be easily disturbed. It is important that 
Such a disturbed lubrication layer be Self-repairing on the 
magnetic disk, and this Self-repairing action is facilitated 
when the texture has a sloped or curved side wall shape, 
rather than Steep or at right angles. 
A Ni mask made through an electroforming proceSS or a 

dry- or wet-etched Si mask are used for Shielding. 
Especially, masks having cavity patterns of a high aspect 
ratio are best made by, first, making a mold by processes 
Such as LIGA process or laser LOGA process, and then 
molding Ni metal into the mold. A radioactive ray Such as a 
Soft X-ray or ultraViolet ray is used to make a photoresist 
mold, which is then used for Ni electroforming, thereby 
making a mask with a high aspect ratio and micro sized 
pattern. 
The shape of the shielding mask is crucial in determining 

the height of the micro-textured structure, which should 
preferably be less than 10 nm. This is because a minute 
floating distance between the magnetic head and the disk 
enables the bit Size in the magnetic layer to be made Smaller 
in a quadric order to obtain ultra-high density data Storage. 
To produce an efficiently functioning head while preventing 
Sticking, it is essential that the height of the textured 
structure be less than 10 nm. 

In one aspect of the invention, micro-particles can be 
preferably used for Shielding. Using photoresist patterned 
masks made by conventional photolithographic techniques 
will raise the cost because of the complexity of the proceSS 
and lengthy processing times. The present invention enables 
production of a Shielding mask by placing micro-particles 
directly on the Substrate, So that micro-wavineSS can be 
produced uniformly in a short time over the entire Surface of 
a fabrication Surface. 

For example, when Such micro-particles are used on a 
carbon layer with a FAB radiation, contours of individual 
particles are accurately transferred on the fabrication Sur 
face. Micro-particles in Such applications are produced by 
dispersing alumina particles in a Solvent Such as alcohol and 
stirring them with ultrasonic vibration to obtain a uniform 
dispersion. The Solution is then dripped onto a Substrate and 
is Spinned, or the Solution is dripped while the Substrate is 
Spinning to disperse the particles on the fabrication Surface. 
Alumina is chemically Stable and exhibits a low Sputtering 
factor in physical and chemical Sputtering processes. 
Therefore, the particle size remains stable under FAB 
Sputtering, and re-deposition of Sputtered particles is also 
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extremely low So that Surface roughness of the fabricated 
Surface is not deteriorated. For example, elements Such as 
Silver have a high Sputtering factor, and Such Substances 
must not be contained in the particles. Careful Selection of 
particle material allowS Successful contour transferring 
without detrimentally affecting Substrate Surface roughness. 

Other advantages of using alumina particles are that 
dispersion in a liquid can be obtained without using a Surface 
activation agent, and that, after FAB Sputtering, the particles 
are removed from the fabricated surface very easily by 
ultraSonic cleaning using alcohol. Depending on the nature 
of the micro-particles used in the shielding mask, it may 
Sometimes be necessary to use a cleaning Solution contain 
ing a Surface activation agent, or it may be difficult to 
remove particles because of increased bonding due to the 
effects of FAB radiation. 

It is preferable that micro-particles be crystalline made by 
CVD. Such crystal grown alumina particles are preferable 
because of a narrow distribution of particle sizes and rela 
tively uniform diameters. Also, compared with Sintered 
alumina products, less impurity is included So that there is 
less deterioration of Surface rougheness caused by 
re-deposition of Sputtered impurities. 

Furthermore, crystallized alumina particles generally do 
not form clusters as they do in Sintered particles, So that well 
Separated Spherical or elliptical particles can be produced. A 
Smooth exterior outline of the particles results in Smooth 
contour transferring of textural patterns. Friction reduction 
can be more effective for Smooth profiled textural patterns, 
because debris from Sliding Surfaces are Sometimes accu 
mulated in the crevices formed by clustered profile patterns. 

The combination of alumina micro-particles with FAB 
Sputtering as described in the present invention enables high 
precision fabrication of a micro-textured Structure of uni 
form quality over the entire Surface of a Substrate. Micro 
particles other than alumina can be used, including carbon 
group Substances Such as diamond, graphite as well as 
compound Substances Such as SiN., SiC, TiN, ZrO2, and 
MgO. 

Fabrication may be performed directly on a base plate or 
on any of the layers, Such as Ni-P, a magnetic layer and a 
carbon layer formed on the base plate. 

Another aspect of the present invention is a method for 
fabricating a micro-textured Structure on a fabrication Sur 
face of a Substrate, to reduce friction between the Substrate 
and a magnetic head as well as to adjust the floating distance 
of the head, comprising dispersing micro-particles from a 
micro-particle Source into a gaseous atmosphere, Settling 
and attaching dispersed micro-particles on the fabrication 
Surface; and irradiating a high energy beam on the fabrica 
tion Surface So as to transfer a pattern of the micro-particles. 

Accordingly, micro-particles can be dispersed uniformly 
over the fabrication Surface, and by irradiating an energy 
beam through the particle masking, contour transferring of 
dispersed pattern can be replicated precisely on the fabrica 
tion Surface. 

Because the micro-sized particles are dispersed into a 
gaseous atmosphere, there is no particular limitation to the 
Size of the Substrate to be processed by the technique So that 
2-12 inches (50-300 mm) diameter substrate can be pro 
cessed. A plurality of Substrates can be processed at the same 
time. Because wet processes using water or alcohol are not 
used, drying Steps and precision dripping devices are not 
required, So that the proceSS is simplified. Especially, when 
evacuation Steps are involved before or after the dispersion 
Step, the whole proceSS can be done through dry processes 
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without involving a wet process, thereby reducing number 
of StepS and production cost. 

Micro-particles Suitable for the dispersion process are 
crystallized alumina particles made by CVD, or quartz 
particles of high Sphericity. Such particles in size ranges of 
0.1-10 mm are easily obtainable. Also, such particles of 
alumina or quartz can easily be removed from the fabricated 
Surface after fabricating with FAB, ion beam or plasma. 
Other applicable micro-particles include, diamond, graphite, 
carbon, SiN., SiC, TiN, ZrO and MgO. 

Use of energy beams for fabrication is advantageous 
because of excellent directionality of the beam, which 
produces faithful replication of the particle profile by con 
tour transferring. Especially, as explained earlier, FAB is 
advantageous because of the Special properties of the beam. 
A gas may be used to disperse micro-particles by first 

uplifting the particles into the dispersion atmosphere and 
then Settling them down onto a fabrication Surface. This type 
of gas flow pattern can be generated by dividing the dis 
persing chamber with a partition, which has an opening at an 
upper area, into two rooms and placing a particle Source and 
a Substrate on a lower Section in each room. 

Division of the dispersion Space into two rooms with a 
partition generates Several features. First, larger particles 
ejected into the Space above the particle Source Settle down 
quickly and are not able to go over the partition So that they 
cannot Settle on the Substrate. Those particles of much 
Smaller sizes can fly over the partition with the air Stream, 
but are blown away further than the substrate so that they too 
do not Settle on the Substrate. In this case, the partition acts 
as a classifier. Particles of a given size range are dispersed 
over a large Space and produce a uniform deposit on the 
fabrication Surface. By controlling the pressure of the gas 
Stream, Spray direction, flight time, Spray frequency and 
Settling time, the Settling density of particles accumulated on 
the fabrication Surface can easily be adjusted. 
Methods for improving the uniformity of density of 

Settled particles include the use of turbulent flow generated 
by increasing the number of nozzles or multi-directional 
Spray. Arrangement of the container for particles includes 
Such configurations as Separating the particle container from 
the Substrate with a partition, or, a double-walled cylindrical 
container having the Substrate disposed within the inner wall 
and the particle Source disposed between the inner and outer 
cylinderS So that the inner cylinder acts as a partition to 
provide a multi-directional spray. 
The dispersion Step may be carried out by jetting a gas 

Stream against the particle Source. Spray gas can be dry air, 
nitrogen or argon gas. PreSSured gas contained in a preSSure 
container is directed to the particles through a valve and a 
nozzle for a certain duration So as to eject the particles into 
the dispersion atmosphere. By controlling the pressure, 
duration of Spray and distance to the Substrate Suitably, a 
uniform density of particle dispersion in a Space of a large 
Size can be created, for example over a Substrate Surface of 
2-12 inches in diameter. 
The process of dispersion may be carried out by applying 

ultraSonic vibration to the particle Source. UltraSonic vibra 
tion Separates agglomerated particles in the Source and ejects 
particles of a uniform size into the dispersion atmosphere So 
as to Settle particles of a uniform Size on the fabrication 
Surface. This is because the mass of the particles is very 
Small So that it can disperse with a Small fluid force caused 
by the vibration. It also creates a dispersion of particles of 
almost the same size. 
The combination of ultraSonic vibration and gas spray 

Simultaneously will increase the dispersion density in the 
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atmosphere. Vibration may be applied to the substrate itself 
So as to disperse the particles Settled on the fabrication 
Surface. By directing ultraSonic vibration from Speakers to 
the atmosphere, further Separation of particles may be 
effected to produce an even more uniform Settling density of 
the particles on the fabrication Surface. 

Another method includes an electrode on which particles 
are placed, and an electrical field is impressed between the 
electrodes and the Substrate placed at a certain distance from 
the particles on the electrode. Particles are attracted towards 
the Substrate and are dispersed on the fabrication Surface. 
The electrical field can act as a further force for Separating 
the particles Suspended in the atmosphere. 

The Space between the Substrate and particles may be 
impressed with an alternating current field or a high fre 
quency field to Separate the particles Suspended in the 
atmosphere to obtain a uniform Settling density. According 
to this method, the electrical field provides a separation force 
for agglomerated particles Suspended in the atmosphere. 

By applying the method of the present invention, a high 
density magnetic disk having a textured Structure with 
micro-wavineSS, for control of friction and head float, may 
be produced efficiently at low cost. In the case where a base 
plate for the Substrate is an aluminum alloy or glass material, 
by fabricating the textured Structure directly on the base 
plate, and by Subsequent coating of magnetic layer or carbon 
and the like which reproduce the contours of the textured 
Structure of the base plate, it is possible to produce a 
magnetic disk in a simple overall process. The textured 
Structure may be formed on the base plate directly or on any 
overlaid coating layers. 
When the magnetic disk is made of an aluminum base 

plate, a Ni-Player can be overlaid extremely flat, so that 
the textured Structure can be accurately reproduced on the 
Ni-Player. When the structure is fabricated on a carbon 
layer (diamond-like carbon), precision cleaning is per 
formed at the final production Step So that adverse effects 
caused by adsorption of dust particles can be minimized to 
thereby improve the yield at low cost. By forming Subse 
quent layers of carbon and lubrication layers after the Ni-P 
layer is precision cleaned, further cleaning can be omitted So 
as to Simplify the process and reduce the production cost. 
The same procedure can be applied to glass Substrates. 
An other aspect is a method for making a magnetic disk 

having a textured Structure with micro-wavineSS on a fab 
rication Surface of a Substrate for reducing dynamic friction 
and controlling head float, comprising forming a shielding 
mask comprised of a thin carbon layer of a Specific pattern 
on the fabrication Surface of the Substrates and irradiating 
the Substrate with a high energy beam So as to transfer the 
Specific pattern of the Shielding mask onto the fabrication 
Surface. 

Using this method, it is possible to fabricate a micro 
textured structure (of less than 20 nm height or preferably 
less than 10 nm) on any outermost Surface of a magnetic 
disk, that is, carbon layer, Ni-Player, glass Substrate or 
magnetic layer, uniformly over the fabrication Surface in a 
Short time, with a local deviation in processed depth of leSS 
than ti5%. The entire proceSS consists of dry steps only, So 
that wet cleaning Steps are not required, thereby avoiding 
problems of low yield associated with wet cleaning. 
By controlling the thickness of the carbon layer (to be 

formed and fixed on the fabrication Surface) in accordance 
with a target height of the Structure, Substrate and carbon 
layer dissipation Speed, and by continuing to irradiate with 
the high energy beam until the carbon layer is eliminated, it 
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is possible to produce a micro-textured Structure of less than 
20 nm height and preferably less than 10 nm height. 
By forming the carbon layer to be thicker than above and 

by making the processing depth less than 20 nm or less than 
10 nm with an energy beam, the height of the Structure may 
be made to be less than 20 nm or less than 10 nm. The 
residual carbon layer on the fabrication Surface may be 
removed by using an oxygen based high energy beam. 
FAB, as a form of high energy beams, can fabricate any 

layer Such as glass Surface, Ni-Player, magnetic layer 
(including Sub-layer), or carbon layer. FAB is comprised of 
an electrically neutral beam of atoms or molecules with 
energy of more than Several tens eV, and usually with energy 
levels of several hundred to 10 keV. FAB thus is able to 
fabricate without producing charge accumulation on the 
non-conductive layer, and allows uniform irradiation to be 
carried out on the fabrication Surface no matter how the 
charge accumulation is. 
The carbon layer may be formed by irradiation of an 

electron beam. The carbon layer may be formed by decom 
posing a carbon Source, Such as an organic gas, introduced 
into a vacuum environment on the fabrication Surface with 
the electron beam. 

Carbon decomposition may be produced on the fabrica 
tion Surface at the Site of electron bombardment by operating 
an electron beam at 1-10 keV to decompose a gaseous 
carbon Source introduced into a vacuum environment. A 
carbon Source in this case may be derived from Soot, 
graphite or diamond-like carbon depending on the organic 
gas, the gaseous component incorporated in the vacuum 
environment and the energy level of the electron beam. 
Organic gas may include hydrocarbon (CH) gases Such as 
methane, propane, and vapors obtained from a liquid Solvent 
Such as alcohol or ketone. Other gaseous or liquid volatile 
Substances including carbon which can be decomposed by 
electron beam to form a carbon layer are obviously appli 
cable. 
When the vacuum System is operated using an oil based 

pump, Such as an oil diffusion pump, oil vapors and other 
decomposition volatile products from the pump can back 
Stream through reverse diffusion into the processing cham 
ber and adhere on the fabrication Surface and are decom 
posed by the electron beam to produce a carbon layer. In 
Such a case, introduction of organic gas may be decreased or 
eliminated totally. 
The thickness of the deposited carbon layer can be 

controlled by adjusting the electron beam power and the 
amount of organic gas Supplied to the fabrication Surface. If 
the power density per unit cross-section is excessive, the 
Substrate temperature increases and has an effect of decreas 
ing the possibility of carbon adhesion So as to decrease the 
carbon deposition rate on the Surface. Therefore, the range 
of electron beam power should be limited to a lower side of 
the above mentioned permissible power range. Power levels 
less than 1 keV, where the carbon deposition occurs, are 
useable but the current density is low and the carbon 
deposition rate is decreased. 
The carbon layer may be produced by irradiating the 

electron beam through a Shielding mask having a certain 
pattern formed thereon. Electron beam Sources should be 
Selected So that the beam width is about the same as the 
Substrate diameter, and Select the Shielding mask accord 
ingly. This process quickly provides carbon layers with 
contour transferring of the pattern onto the fabrication 
Surface. The carbon deposition process is based on the same 
principle presented above. The Shielding mask may be a 
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mesh type or electroformed metal Strip Such as Ni having 
cavities of 5-Several tens of micrometerS Separated at dis 
tance of Several to Several hundred micrometers, or Si 
having a similar pattern produced by anisotropical wet 
etching or plasma etching techniques. 

The carbon layer may be produced by electron beam 
Scanning in a regular or irregular arrangement pattern. 
Electron beam can be Swept at fast Speeds electromagneti 
cally or made Stationary to produce any pattern quickly to 
produce any regular or irregular patterns on the fabrication 
Surface at a short period to generate carbon layer on the 
substrate surface. Width of the line and size of a spot of the 
carbon layer pattern, for example, can be controlled by 
adjusting the electron beam diameter with electromagnetic 
lenses. For example, the electron beam diameter can be 
adjusted from Several tens of nanometers to Several hundred 
micrometers So that the lines or spots of the same size are 
obtainable. 

The carbon layer may be produced through vapor depo 
Sition process by depositing carbon vapor generated from a 
Vapor Source onto the fabrication Surface through a patterned 
mask. By Suitably combining a mask and carbon layer 
generating device Such as carbon vapor Source, a regular 
patterned carbon layer may be formed and fixed on the 
fabrication Surface. The Shielding mask can be the Same as 
those described above, and is placed on top of the fabrication 
Surface to deposit carbon atoms (or carbon clusters) from the 
carbon vapor Source to thereby replicate the pattern of the 
mask. 

Here, it should be noted that, because the melting point of 
carbon is high, normal heating type vapor Sources are 
inapplicable, So that arc discharge type vapor Sources or a 
deposition method called “sputtering” may be used. The 
Sputtering deposition method can be performed by using a 
Sputtering gun, or Sputtering chamber including a mask and 
a Substrate, or a CVD method. These methods have the 
advantages of being applicable to non-conductive materials, 
compared to the above-described method using electron 
beams, So that a glass material Surface or carbon layer can 
be used as a Substrate. 

Another aspect is a method for making a magnetic disk 
having a textured Structure with micro-wavineSS on a Surface 
of a Substrate for reducing dynamic friction and controlling 
head float. The method comprises irradiating a fabricating 
Surface of the Substrate with a high energy beam to generate 
a Sputtered Substance, to thereby form the textured Structure 
by re-deposition of products generated by mutual interaction 
of the Sputtered Substance with the high energy beam and/or 
the fabrication Surface. 

When a Substrate Surface is irradiated with a high energy 
beam, Sputtering is produced, but reaction products having 
poor Sublimation characteristics are difficult to remove 
through the evacuation of vapors. Such Substances in the 
liquid form are condensed on the irradiated Surface to form 
Surface textures comprised of spherical or Spheroid shape 
due to the Surface tension effects, and are further cooled to 
be coagulated on the Surface. Such process produces a 
textured Surface of a certain depth depending on the Sput 
tering condition, etc. A FAB Source is Suitable as an energy 
Source as described earlier. 

It is preferable to first place a Substance to be Sputtered on 
the fabrication Surface prior to irradiating. Since the Sub 
Strate material may not always cause easy re-deposition, a 
material made of a poor Sublimation Substance formed into 
a Suitable shape can be disposed on the fabrication Surface. 
By adopting this procedure, the nature of the fabrication 
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Surface does not limit the process, So that any type of Surface 
comprising a magnetic disk may be Selected to form a 
micro-textured Structure. 

A Substance to be Sputtered may be Selected to Show a 
good re-deposition ability inherently, or as a result of 
reaction with an energy beam as well as with the Substances 
including the Substrate. 

Since an island-patterned micro-textured Structure is 
desirable, the configuration of the Sputtered Substance to be 
disposed on the fabrication Surface is normally chosen to 
have a micro-particle shape. However, depending on the 
operating conditions of the beam and ease of disposition 
operation, a thin film or a thin film having a certain pattern 
may be used. 
The Sputtered Substance may contain Sulfur. Such a Sub 

stance will form a Sulfur compound when irradiated with a 
high energy beam to easily produce a micro-texture Structure 
of an island pattern. 
The high energy beam may be comprised of a FAB 

discharged from a chlorine gas based Source. Chlorine gas 
will form compounds Such as aluminum chloride with an 
aluminum Substrate or Sulfurous chloride with a Sulfur 
including Sputtered Substance, thereby producing a micro 
textured Structure generated through re-deposition process. 

Irradiation with a high energy beam may be combined 
with temperature control of the Substrate. This proceSS 
promotes a compound formation produced between a reac 
tive gas and a Substrate material or micro-particles by raising 
the Substrate temperature, and when the Substrate tempera 
ture is lowered, re-deposition of the generated compound 
can take place to produce the textured Surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a first embodiment of 
the present invention; 

FIG. 2 is an illustration of a masking device; 
FIGS. 3A, 3B are illustrations of the fabrication process 

of the first embodiment; 
FIG. 4 is a schematic illustration of a second embodiment 

of the micro-texturing process of the present invention; 
FIG. 5 is an enlarged illustration of the fabrication process 

of the second embodiment; 
FIGS. 6A, 6B are illustrations of the effects of the process; 
FIG. 7 is another embodiment of the method of the 

present invention; 
FIG. 8 is an illustration of the distribution of micro 

particles in FIG. 7; 
FIGS. 9A, 9B are comparative illustrations of particle 

distribution patterns in the conventional technique and the 
present technique; 

FIG. 10A-10C are illustrations of fabrication steps; 
FIG. 11 is an illustration of another embodiment; 
FIG. 12 is a schematic diagram of an overall fabrication 

facility; 
FIG. 13 is a schematic diagram of another overall fabri 

cation facility; 
FIG. 14 is a schematic diagram of another overall fabri 

cation facility; 
FIGS. 15A, 15B are illustrations of fabrication steps in 

another embodiment; 
FIGS. 16A, 16B are illustrations of the steps in another 

embodiment of the method; 
FIGS. 17A, 17B are illustrations of the steps in another 

embodiment of the method; 
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FIGS. 18A, 18B are illustrations of the steps in another 
embodiment of the method; 

FIG. 19 is a Schematic diagram of a fabrication apparatus 
used in the embodied method; 

FIG.20 is an illustration of another method of fabrication 
of the present invention; 

FIG. 21 is a croSS Sectional view of a magnetic disk 
produced by the method shown in FIG. 20; 

FIG.22 is an illustration of another method of fabrication 
of the present invention; 

FIG. 23 is a croSS Sectional view of a magnetic disk 
produced by the method shown in FIG.22; and 

FIGS. 24A, 24B are cross sectional views of a common 
magnetic disk. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of the present method will be pre 
Sented with reference to FIGS. 1 to 5. FIG. 1 shows a 
micro-texturing apparatus comprised of a hermetic chamber 
10; a rotation stage 16 rotatably/elevatably supported by a 
shaft 14 which is driven by a drive device 12 located inside 
the chamber 10; and a fast atomic beam (FAB) source 18 of 
a parallel plate type, disposed inside the chamber 10 in Such 
a way to radiate a beam at a Slant angle to the rotation Stage 
16. The incidence angle of the FAB to the rotation stage 16 
can be varied. The vacuum chamber 10 is communicated 
with a vacuum pump (not shown) through an evacuation 
port 20 and a fabrication object (referred to as the workpiece 
W) is transported through a load-lock chamber (not shown). 

In this embodiment, a magnetic substrate Was the work 
piece was placed on the rotation Stage 16 and a patterned 
mask 22 was laid over the fabrication Surface of the Substrate 
W. The magnetic disk W was an aluminum alloy of 75 mm 
outer diameter, and both Surfaces were covered with Suc 
cessive coatings of a Ni-Player, a magnetic layer and a 
carbon layer of 20 nm thickness. Initial Surface roughness of 
the Substrate W was less than 1 nm. Textured structure with 
micro-wavineSS was fabricated on the carbon layer by 
placing a patterned mask (shielding) 22 and bombarding the 
Surface with FAB. 

As shown in FIGS. 2A, 2B, the shielding patterned mask 
22 was a nickel sheet of outer dimensions of 80x80 mm and 
20 mm thickness made into a lattice pattern Structure by 
electroforming. The outer dimension of mask 22 was Suffi 
cient to shield the entire Surface of the Substrate W of a size 
in a range of 20-130 mm. The size of the square holes 22a 
formed on the mask 22 was 20x20 um and the corners were 
radiused to 3 mm, and the holes were separated at about 10 
tim. Such a patterned mask 22 can also be fabricated from 
a Si base plate using a plasma or wet etching technique. 
The FAB Source 18 was a parallel plate type using argon 

gas, disclosed in a Japanese Patent Laid-open Publication, 
1993-182787, for example. Operating conditions of the 
Source 18 were as follows: beam incidence angle, 45 
degrees, Stage rotation Speed, 12 r.p.m., bombardment 
duration, 15 Seconds, beam diameter, 110 mm; discharge 
Voltage, 3 kV, discharge current, 300 mA, neutralization 
factor, approximately 80%. A magnetic field generator is 
also provided to control plasma density by impressing a 
magnetic field of 500 gauSS. 

Using a texturing apparatus of Such design, and bombard 
ing the rotating substrate W with a FAB at an angle of 45 
degrees through the mask 22, as illustrated in FIG. 3A, 
contour transferring produces a wavy sloped area whose 
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fabricated depth was dependent on the distribution of dura 
tion of irradiation according to Shadow forming character 
istics. Therefore, a given transferred pattern was produced 
on the fabrication Surface as illustrated in FIG. 3B to 
produce a micro-waviness C of about 8 nm depth, Over the 
entire Surface of the Substrate W, whose Surface roughness 
was about the same as the initial roughness of less than 1 nm 
and local depth deviation of less than 5%. 

FIGS. 4 and 5 show a second embodiment of the texturing 
apparatus, and in this case, micro-particles 24 of 5 mm 
diameter of crystallized alumina produced by CVD were 
used. The process consisted of first dispersing the alumina 
particles 24 uniformly in ethyl-alcohol solvent by ultrasonic 
vibration. Then, the substrate W was placed on a rotation 
controller device and Spinned at a relatively low Speed of 
about 200 rp.m., and a quantity of the liquid containing the 
micro-particles 24 was dripped onto the Substrate W, and 
then it was spinned at a higher Speed of about 5000 rp.m., 
to obtain a uniform dispersion of particles 24 on the Sub 
strate W at a distribution density of about 12,000 particles/ 
mm. A parallel plate type FAB Source using argon gas was 
used to irradiate the substrate W with FAB to produce a 
depth of about 5-20 nm, and the Substrate W was washed 
ultrasonically to remove the particles 24 from the carbon 
layer. 

Texturing was performed under the following two condi 
tions: 

(1) beam incidence angle, 45 degrees; stage rotation 
Speed, 12 r.p.m., bombardment duration, 15 Seconds, 
beam diameter, 110 mm, discharge Voltage, 3 kV; 
discharge current, 300 mA; neutralization factor, 80%; 
and 

(2) beam incidence angle, 30 degrees; stage rotation 
Speed, 5 rp.m., bombardment duration, 40 seconds, 
beam diameter, 110 mm; discharge Voltage, 1.5 kV, 
discharge current, 300 mA; neutralization factor, 90%. 

The texture profiles are shown in FIG. 6A for case (1) 
resulting in a processed depth of 8 nm, and in FIG. 6B for 
case (2) resulting in a processed depth of 15 nm, respec 
tively. Post fabrication surface roughness for both 15 and 40 
Second irradiation were the same as the initial Surface 
roughness of less than 1 nm. The difference in the incidence 
angle produced different fabrication characteristics, and 
therefore, the extent of the Slanted region area was larger for 
an incidence angle of 30 degrees than for 45 degrees. The 
fabrication pattern faithfully reflected the profile shape of 
the crystalline alumina micro-particles 22, and over the 
entire surface of the substrate W, local deviation in pro 
cessed depth was less than +5%. 
The glass Substrate So fabricated was further processed by 

precision cleaning, applying coatings of a magnetic layer, a 
carbon layer and a lubrication layer to produce a final 
magnetic disk W. Underlying glass Surface modulations 
were replicated on the corresponding outermost Surface of 
the magnetic disk W, thereby providing ultra-high density 
data transfer as well as efficiently controlling the degree of 
friction reduction and head float. 

Another variation of the second fabrication method was 
tested using the same micro-particles 24 but different gas 
particles for the FAB source 18. Micro-particles 24 were 
produced by the same CVD process, and they were dis 
persed on a substrate W at a density of about 12,000 
particles/mm. Substrate W was processed by a parallel plate 
type FAB Source 16 using SF gas and processed to a depth 
of about 5-20 nm. Alumina particles 24 were removed 
thereafter by ultraSonic cleaning. 
The parallel plate type FAB source 18 in this case was a 

type which was disclosed in Japanese Laid-open Patent 
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Publication, 1993-182787. The operating conditions were: 
beam incidence angle, 45 degrees, Stage rotation Speed, 12 
r.p.m., Sputtering duration, 15 Seconds, beam diameter, 110 
mm, discharge Voltage, 3 kV, discharge current, 300 MA, 
neutralization factor, 80%. Plasma density was controlled by 
applying a magnetic field at 500 gauSS produced by a 
magnetic field generator. 

The result of irradiation for 15 seconds was the produc 
tion of textures having a depth of 5 nm. Resulting Surface 
roughness was the same as the initial Surface roughness at 
less than 1 nm. Irradiation was carried out at an angle of 45 
degrees through the mask 22, and contour transferring by 
FAB produced gently sloping Side Surfaces according to the 
duration of irradiation according to Shadow forming char 
acteristics. Contour transferring of the crystallized alumina 
particles 24 was accurately replicated, and over the entire 
Surface of the Substrate W, local deviation was less than 5%. 

FIG. 7 shows another embodiment of the apparatus for 
making a Shield with dispersed micro-particles, comprised 
of a hermetic particle dispersion chamber 110 with a parti 
tion 112 with a top opening, one room 114 of the chamber 
110 containing a glass Substrate W as the workpiece, an 
other room 118 containing a particle tray 122 for aluminum 
particles 120, and a gas spray device 124 for jetting Some gas 
to the particle tray 122. The dimensions of the particle 
dispersion chamber 110 are 350 mm width x200 mm lengthx 
350 mm height, and the height of the partition 112 is 300 
mm, which is placed 130 mm away from the particle tray 
122. The size of the glass substrate W is 3.5 inches (89 mm). 

Using this dispersion chamber 110, helium gas from a 
Spray can 124 is directed for two Seconds at a preSSure of 2 
kg/cm to the particle tray 122 containing the alumina 
particles 120, to let the particles 120 fly about. Although the 
particles become dispersed inside the dispersion chamber 
110, larger particles fall quickly and are not able to go over 
the partition 112 while Smaller particles are able to go over 
the partition 112 but are blown beyond the glass Substrate W 
and are not able to settle on the glass Substrate W. Therefore, 
only those particles of proper sizes are able to fall and Settle 
on the substrate W. An example of a glass substrate W with 
particles 120 examined under an optical microScope is 
illustrated in FIG.8. FIGS. 9A,9B show a comparison of the 
Settling patterns made by the present method and by the 
conventional alcohol drop method, respectively. 

By adjusting the duration of Spray and particle Settling 
time Suitably, the amount of particles Settled on the glass 
substrate W can be controlled. It was found that particle 
Settling patterns were not altered by arranging a plurality of 
glass Substrates W parallel or perpendicular to the partition 
112. In other words, this technique permits a plurality of 
Substrates W to be processed Simultaneously. The same type 
of deposit pattern was produced for aluminum Substrates. 

Aglass substrate W of 3.5 inches having the particles 120 
deposited by the method described above was placed, 
through a load-lock chamber, on the rotation Stage disposed 
in an fabrication chamber evacuated by a turbo pump and a 
dry pump. The vacuum chamber was provided with a FAB 
Source disclosed in a Japanese Laid-open Patent Publication, 
1993-182787, using SF gas. The operating conditions of the 
FAB Source were as follows: irradiation duration, 15 sec 
onds, beam diameter, 110 mm; discharge Voltage, 3 kV. 
discharge current, 300 mA, and neutralization factor, 90%. 
Plasma density was controlled by applying a magnetic field 
at 500 gauSS from a magnetic field generator. After irradi 
ating the substrate W with FAB to the surface, as illustrated 
in FIG. 10A, the alumina particles 120 were removed by 
ultraSonic cleaning to produce a Substrate shown in FIG. 
1OB. 
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As shown in FIG. 10B, a processed depth of 8 nm was 

produced, and the Surface roughness of processed Substrate 
was less than 1 nm which was about the same as the initial 
Surface roughness reading. A Stepped profile of the fabri 
cated Surface was produced by contour transferring of the 
particles 120, and local variations in the processed depth was 
kept to less than +5% over the entire surface of the substrate 
W. After the texturing step, the glass substrate W was 
carefully precision cleaned and coatings of a magnetic layer, 
a carbon layer and a lubrication layer were Successively 
applied, as illustrated in FIG. 10C, to produce a final 
magnetic disk. In the above fabrication process, argon may 
be used for FAB in place of SF. 

FIGS. 11 and 12 show illustrations of another method of 
preparing a textured Substrate according to the invention. In 
this case, particle dispersion chamber 110 is provided with 
a dry air Source operated by dry air Supply nozzle 128 
through a flow control valve 126 to control air spray time 
and Spray Volume. In this apparatus, three Spray nozzles 128 
from an air reservoir tank 130 are directed to the particle tray 
122. An exhaust opening 132 is provided on the dispersion 
chamber 110 and is connected to a blower 138 through a 
particle filter 134 and an exhaust valve 136 to exhaust the 
chamber air. 

Flow control valve 126 is provided with a controller 140 
to control the duration of valve opening/closing over a range 
of about 100 ms to 10 seconds, for example. To precisely 
control the air-dwelling time of the floating particles 120 
(suspended by the gas flow generated by the nozzle 128) 
inside the chamber 110, exhaust valve 136 and blower 138 
are activated at a certain time after the air Spray is started, 
so that the floating particles 120 will be exhausted out of the 
chamber 110 to prevent excess settling of particles 120. 

FIG. 13 illustrates a facility for a still another embodiment 
of the method of preparing a textured Substrate. This facility 
is provided with a load-lock chamber 142, a removable 
Substrate cover 144 and a spray Volume monitoring device 
to control a spraying time of the particles 120 even more 
precisely. In this facility, a Substrate W is Supplied through 
the load-lock chamber 142 by opening the gate 146 to the 
dispersion chamber 110, and after spraying the particles 120 
for a given period of time, the substrate cover 144 is slid 
over directly above the Substrate W through the load-lock 
chamber 142 to prevent excessive settling of particles 120. 
Substrate W and the Substrate cover 144 are both retracted 
into the load-lock chamber 142 and the gate 146 is closed 
and Substrate W is removed. Other conditions are the same 
as those in the first embodiment. 

FIG. 14 shows still another embodiment of the particle 
dispersion chamber. In this case, the gas spray device is 
replaced with a vibrator 148 to provide ultrasonic vibration 
to the particle tray 122 so that the particles 120 are ejected 
into the Space above the tray 122 and are Settled uniformly 
on the Substrate W. By controlling the electrical source 150 
by a controller 140 to produce appropriate amplitude and 
frequency of ultraSonic vibration, it is possible to disperse 
the particles 120 through gas spray 124 in the same manner 
as described in the first embodiment. Contour transferring 
trials carried out under Similar condition as the first embodi 
ment produced Similar results. 
As shown in FIGS. 15A and 15B, an aluminum base plate 

152 was coated with a magnetic layer 154 and carbon layer 
156 to produce a substrate W, and surface textures were 
fabricated on the carbon layer 156. A carbon layer 156 of 5 
mm thickness was applied to each Surface of a 130 mm 
aluminum alloy base plate W, and micro-particles 120 were 
dispersed by the method described above. 
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FIGS. 16A, 16B show a further embodiment of a mag 
netic disk made with an aluminum Substrate W. A Ni-P 
layer 210 was applied to each Surface of the aluminum 
Substrate W. Initial Surface roughneSS was less than 1 nm, 
and the size of the Substrate W was 20-130 mm. 
A carbon layer 212 was formed as a Shielding mask on top 

of the Ni-Player 210 using electron beam irradiation and 
fixed in place under the following conditions. An electron 
beam of 300 nm diameter at 10 keV and 10-11A current was 
directed on the Substrate W for one minute in an evacuated 
fabrication chamber at a pressure of 10 torr. The evacua 
tion System was based on an oil diffusion pump and no 
organic gas was introduced from external Source. FIG. 16A 
illustrates the process of forming a textured Structure under 
Such conditions. Measurements by an atomic force micro 
Scope (AFM) showed that Surface texture comprised cone 
shaped micro-projections of 40 nm height and 300 nm 
bottom diameter Separated at 2.5 lim. 

Next, the substrate W thus produced was bombarded with 
FAB at right angles to the Surface until the carbon Structure 
disappeared. This proceSS was carried out in the vacuum 
chamber and the substrate W was transported from the 
load-lock chamber, and was placed on the rotation/elevation 
Stage as necessary. An argon based FAB, from a parallel 
plate type FAB Source disclosed in Japanese Laid-open 
Patent Publication, 1993-182787, was radiated on the Sub 
strate W with the carbon layer layer 212. Material removal 
was adjusted by controlling the bombardment time. The 
Source was operated at discharge Voltage 4 kV, discharge 
current 315 mA and neutralization factor 80%, and a mag 
netic field generated from a magnetic field generator was 
applied at 500 gauSS to control the plasma density. 
AFM was used to examine the fabricated Surface, and the 

results are illustrated in FIG. 16B. The difference in pro 
cessing rate between the carbon and Ni-PlayerS produce a 
micro-protrusions 214 having a height of 18 nm (produced 
by faithful replication of the carbon layer pattern), and 
depressed regions 216. Surface roughness of the fabricated 
Substrate was less than 1 nm regardless of the processing 
time. The processed pattern was reproduced from that of the 
mask, and over the entire Surface, local deviation in pro 
cessed depth was less than +5%. The textured substrate is 
coated the Successive application of a magnetic layer, a 
carbon layer, and a lubrication layer to produce a final ultra 
high density magnetic recording disk W. 

FIG. 17A shows another embodiment of the method for 
producing a micro-textured Structure. In this case, a large 
diameter electronbeam Source is used to irradiate a Substrate 
W through a mask to produce carbon layer 212. The electron 
beam irradiation was carried out under the following con 
ditions: field energy of 5 keV, current density of 0.15 
mA/cm, irradiation duration of 3 minutes. The masking 
pattern consisted of 5 um diameter holes Separated at 35 um 
and arranged in an equilateral triangle shape. The material of 
the mask is Ni and is fabricated by electroforming. The 
results of measuring with a contact-type Surface roughneSS 
meter and AFM showed that the carbon layer had a thickness 
of 18 nm. 

FIG. 17B illustrates the results of measurements taken 
with AFM on the texture produced by irradiating the above 
substrate with a FAB to the surface until the carbon layer 212 
disappears. Transferred fabrication of carbon layer produced 
micro-protrusions 214 of a height of 20 nm and depressed 
region 216. Conditions for the vacuum chamber, FAB 
Source, Substrate and trials were the same as those in the 
previous embodiment. 

FIGS. 18A, 18B show still another embodiment of the 
method for producing a micro-textured Structure. In this 
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case, a combination of a mask 220 and a carbon vapor Source 
222 was used to form and fix a carbon layer 212 on a 
substrate W. FIG. 18A shows the basic steps of making a 
carbon layer. Carbon vapor was produced from a carbon 
Vapor Source 222 by touching two carbon electrodes 224, 
226 to produce an arc and vaporize carbon by the intense 
heat generated. Arc discharge was carried out in pulses of 1 
second interval and duration. Mask220 was produced by the 
electroforming of a Ni sheet, and holes of 10 um diameter 
Separated at 20 um were arranged in a Square pattern. 
Carbon layer formation and fixation process were carried out 
in a vacuum of 0.01 torr. 

FIG. 18B shows the results of measurements with AFM of 
the texture produced by processing the carbon layer 212 
with FAB until the carbon disappeared. The surface texture 
is comprised by cone-shaped micro-protrusions 214 (of a 
height 27 nm and base diameter 10 um Separated at 20 um) 
and depressed regions 216 therebetween. It is considered 
important that a textured Structure should have a cone 
shaped profile So as to minimize possible contact between 
the magnetic head and reduce dynamic friction. Fabrication 
method by FAB and other conditions for testing are the same 
as those in the first embodiment. 

In the following, embodiments of texturing apparatus will 
be presented. FIG. 19 shows a texture fabrication apparatus 
used in making various Surface textures presented in the 
present invention. 

FIG. 19 shows a schematic drawing of a texture fabrica 
tion apparatus comprised of a hermetic fabrication chamber 
310; a rotation stage 316 which is rotatably/elevatably 
supported by a shaft 314 and driven by a drive device 312 
located inside the chamber 310; and a fast atomic beam 
(FAB) source 318 of a parallel plate type, disposed inside the 
chamber 310 opposite to the rotation stage 316. The fabri 
cation chamber 310 is communicated with a vacuum pump 
(not shown) through evacuation port 320 and a substrate W 
is transported through a load-lock chamber (not shown). 

FIG. 20 shows an example of the process of making a 
magnetic disk, in which the Surface of a base plate 322 itself 
is Sputtered directly to fabricate micro-wavineSS. The size of 
the substrate W is 20-130 mm, and the base plate is 
aluminum. The magnetic disk W is placed on the rotation 
stage 316, and is bombarded with a chlorine FAB. 

Operational parameters for the FAB source 318 are as 
follows: Sputtering duration, 20 minutes, gas flow rate, 2 
Sccm; discharge Voltages, 1.5 kV, discharge current, 50 mA, 
and substrate temperature, 100° C. Plasma control was 
effected by applying a magnetic field at 300 gauSS. After the 
FAB irradiation, substrate W is cooled to room temperature, 
and removed from the fabrication chamber 310. The Surface 
was examined under a Scanning electron microscope (SEM). 
A micro-textured Structure was produced on the fabrication 
Surface by re-deposition of products generated by an inter 
action of the Sputtered Substance from the fabrication 
surface, produced by chlorine FAB bombardment on the 
fabrication Surface of the Substrate W. with the Surface and 
the FAB. The aluminum base plate 322 having the substrate 
micro-textured Structure 324 was coated with Successive 
layers of a Ni-Player 326, a magnetic layer 328 and a 
carbon layer 330 to produce a final magnetic disk 332 shown 
in FIG. 21. 
FIG.22 illustrates schematically another method of mak 

ing a magnetic disk. In this method, the entire Surface of a 
Ni-Player 326 to be sputtered is coated with a uniform 
dispersion of Sulfur-containing micro-particles 334 to pro 
duce a micro-textured Structure 324. The dispersion is 
produced by dispersing micro-particles in an ethanol Solu 
tion and dripping the ethanol solution on the Ni-Player 
326. 



6,099,698 
19 

A chlorine based FAB was operated under the following 
conditions: irradiation duration, 39 Seconds, gas flow rate, 
10 Scem; discharge Voltage, 3.0 kV, discharge current, 300 
mA, and the substrate temperature, 100° C. Plasma density 
was controlled by applying a magnetic field produced from 
a magnetic field generator at 400 gauSS. The processed 
Substrate was cooled to room temperature, and was removed 
from the vacuum chamber 310 and cleaned ultrasonically to 
remove the particles. Observation was made by SEM to 
confirm the production of micro-texturing on the Ni-P 
layer 326. The Substrate W having the base micro-waviness 
324 thus produced was Successively coated by applying a 
magnetic layer 328, a carbon layer 330 to produce a final 
magnetic disk 332, as shown in FIG. 23. 
What is claimed is: 
1. A method for fabricating a textured structure with 

micro-wavineSS on a fabrication Surface of a Substrate, 
comprising: 

dispersing micro-particles contained in a micro-particle 
Source in a gaseous atmosphere; 

Settling and attaching the dispersed micro-particles on the 
fabrication Surface; and 

irradiating a high energy beam on the fabrication Surface 
So as to transfer contours of the micro-particles to the 
fabricating Surface; 

wherein in Said dispersing and in Said Settling and attach 
ing the micro-particles are first uplifted into the gaseous 
atmosphere and then Settled down towards the Sub 
Strate. 

2. The method according to claim 1, where said dispersing 
of the micro-particles is performed by jetting a gas Stream 
onto the micro-particle Source. 

3. The method according to claim 1, wherein Said dis 
persing of the micro-particles is performed by ultraSonically 
Vibrating the micro-particle Source. 

4. The method according to claim 1, wherein electrodes 
are provided and the micro-particles are placed on the 
electrodes, and the Substrate is placed at a specific distance 
from the micro-particles, and an electrical field generated by 
a direct current Source or an alternating current Source is 
impressed between the Substrate and the electrodes. 

5. The method according to claim 1, wherein an electrical 
field, from a direct current Source or a high frequency 
Source, is impressed on a Space including the micro-particles 
and the Substrate. 

15 

25 

35 

40 

20 
6. A method of forming a textured Structure with micro 

wavineSS on a Surface of a Substrate for a magnetic disk for 
reducing dynamic friction and controlling head float, com 
prising: 

forming a shielding mask comprising a thin carbon layer 
of a specific pattern on a fabrication Surface of the 
Substrate by decomposing a carbon Source, the carbon 
Source including a gaseous organic Substance that has 
been introduced into an evacuated processing Space, on 
the fabrication Surface by irradiating with an electron 
beam; and 

irradiating the Substrate with a high energy beam So as to 
transfer the Specific pattern to the fabrication Surface, 
thereby forming the textured Structure. 

7. The method according to claim 6, wherein said thin 
carbon layer is further formed by irradiating Said fabrication 
Surface with the electron beam through a shielding mask 
having a Specific pattern. 

8. The method according to claim 6, wherein said thin 
carbon layer is further formed by Scanning Said fabrication 
Surface with the electron beam to form a regular pattern or 
an irregular pattern. 

9. The method according to claim 6, wherein said 
textured-structure is produced by continuing to irradiate Said 
thin carbon layer formed on Said fabrication Surface with a 
high energy beam until Said thin carbon layer is eliminated. 

10. A method of forming a textured structure with micro 
wavineSS on a Surface of a Substrate for a magnetic disk for 
reducing dynamic friction and controlling head float, Said 
method comprising: 

providing a Substance to be Sputtered on a fabricating 
Surface of the Substrate, the Substance comprising Sul 
fur, and 

irradiating the fabricating Surface with a high energy 
beam So as to generate a Sputtered Substance and So that 
products generated by mutual interaction of the Sput 
tered Substance with at least one of the high energy 
beam and the fabrication Surface are re-deposited on 
the fabrication Surface, thereby forming the textured 
Structure. 

11. The method according to claim 10, wherein said high 
energy beam is a fast atomic beam produced from a fast 
atomic beam Source operating on gaseous chlorine. 
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